Bifurcations of attractors in 3D diffeomorphisms:a study in experimental mathematics by Vitolo, Renato
  
 University of Groningen
Bifurcations of attractors in 3D diffeomorphisms
Vitolo, Renato
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2003
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Vitolo, R. (2003). Bifurcations of attractors in 3D diffeomorphisms: a study in experimental mathematics.
Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Bibliography
[1] V.S. Afrajmovich, L.P. Shil′nikov: On invariant two-dimensional tori, their dis-
integration and stochasticity, in Methods of the qualitative theory of differential
equations, Gor′kov. Gos. University, Gor′kij (1983), 3–26.
[2] V.S. Anishchenko: Dynamical Chaos—Models and Experiments, World Scientific
(1995).
[3] V.S. Anishchenko, M.A. Safonova, U. Feudel, J. Kurths: Bifurcations and transi-
tion to chaos through three-dimensional tori, IJBC 3(4) (1994), 595–607.
[4] V.I. Arnol′d: Small denominators, I: Mappings of the circumference into itself,
AMS Transl. (Ser. 2) 46 (1965), 213–284.
[5] V.I. Arnol′d: Mathematical Methods of Classical Mechanics , Springer GTM 60
(1980).
[6] V.I. Arnol′d: Geometrical Methods in the Theory of Ordinary Differential Equa-
tions (2nd ed.), Springer–Verlag (1988).
[7] V.I. Arnol′d, V.S. Afrajmovich, Yu.S.Il′yashenko, L.P. Shil′nikov: I. Bifurcation
Theory in Dynamical Systems V (V.I. Arnol′d Ed.), Encyclopaedia of Mathematical
Sciences, Springer–Verlag (1982).
[8] D.G. Aronson, M.A. Chory, G.R. Hall, R.P. McGehee: Bifurcations from an in-
variant circle for two-parameter families of maps of the plane: a computer-assisted
study, Comm. Math. Phys. 83(3) (1982), 303–354.
[9] C. Baesens, J. Guckenheimer, S. Kim, R.S. McKay: Three coupled oscillators:
mode-locking, global bifurcations and toroidal chaos, Phys. D 49(3) (1991), 387–
475.
[10] M. Benedicks, L. Carleson: On iterations of 1 − ax2 on (−1, 1), Ann. of Math.
(2) 122(1) (1985), 1–25.
[11] M. Benedicks, L. Carleson: The dynamics of the He´non map, Ann. of Math. (2)
133(1) (1991), 73–169.
[12] G. Benettin, L. Galgani, A. Giorgilli, J.-M. Strelcyn: Lyapunov characteristic
Exponents for Smooth Dynamical Systems: A Method for Computing All of Them,
Meccanica 15 (1980), 9–30.
154 Bibliography
[13] M. Bosch, C. Simo´: Attractors in a Shil′nikov–Hopf scenario and a related one-
dimensional map, Phys. D 62 (1993), 217–229.
[14] B.L.J. Braaksma, H.W. Broer: On a quasi-periodic Hopf bifurcation, Ann. Inst.
H. Poincare´ Anal. Non Line´aire 4(2) (1987), 115–168.
[15] W.L. Briggs, V.E. Henson: The DFT: An Owner’s Manual for the Discrete
Fourier Transform, SIAM, Philadelphia (1995).
[16] H.W. Broer: Formal normal forms for vector fields and some consequences for
bifurcations in the volume preserving case, in Dynamical Systems and turbulence,
Warwick 1980 (A. Dold and B. Eckmann Eds.), Springer LNM 898 (1980), 54–74.
[17] H.W. Broer, G.B. Huitema, M.B. Sevryuk: Quasi-periodic Motions in Families
of Dynamical Systems, Order amidst Chaos, Springer LNM 1645 (1996).
[18] H.W. Broer, G.B. Huitema, F. Takens, B.L.J. Braaksma: Unfoldings and bifur-
cations of quasi-periodic tori, Mem. AMS 83(421) (1990), 1–175.
[19] H.W. Broer, H.M. Osinga, G. Vegter: Algorithms for computing normally hy-
perbolic invariant manifolds, Z. angew. Math. Phys. 48 (1997), 480–524.
[20] H.W. Broer, R. Roussarie: Exponential confinement of chaos in the bifurca-
tion sets of real analytic diffeomorphisms, in Global Analysis of Dynamical Sys-
tems, Festschrift dedicated to Floris Takens for his 60th birthday (H.W. Broer,
B. Krauskopf, and G. Vegter Eds.), IOP Publish., Bristol (2001).
[21] H.W. Broer, R. Roussarie, C. Simo´: Invariant circles in the Bogdanov–Takens
bifurcation for diffeomorphisms, ETDS 16 (1996), 1147–1172.
[22] H.W. Broer, C. Simo´: Hill’s equation with quasi-periodic forcing: resonance
tongues, instability pockets and global phenomena, Bol. Soc. Bras. Mat 29 (1998),
253–293.
[23] H.W. Broer, C. Simo´, J.C. Tatjer: Towards global models near homoclinic tan-
gencies of dissipative diffeomorphisms, Nonlinearity 11 (1998), 667–770.
[24] H.W. Broer, C. Simo´, R. Vitolo: Bifurcations and strange attractors in the
Lorenz-84 climate model with seasonal forcing, Nonlinearity 15(4) (2002), 1205–
1267.
[25] H.W. Broer, C. Simo´, R. Vitolo: He´non-like strange attractors in a family of
maps of the solid torus, preprint University of Groningen, submitted (2002).
[26] H.W. Broer, C. Simo´, R. Vitolo: The Hopf-saddle-node bifurcation for fixed
points of diffeomorphisms, in preparation.
[27] H.W. Broer, C. Simo´, R. Vitolo: Quasi-periodic He´non-like attractors in the
Lorenz-84 climate model with seasonal forcing, to appear in Proceedings Equadiff
2003.
Bibliography 155
[28] H.W. Broer, S.J. van Strien: Infinitely many moduli of strong stability in di-
vergence free unfoldings of singularities of vector fields, in Geometric Dynamics,
Proceedings, Rio de Janeiro 1981 (J. Palis Ed.), Springer LNM 1007 (1983), 39–
59.
[29] H.W. Broer, F. Takens: Formally symmetric normal forms and genericity, Dy-
namics Reported 2 (1989), 36–60.
[30] H.W. Broer, F. Takens: Mixed spectrum and rotational symmetry, Archive Rat.
Mech. An. 124 (1993), 13–42.
[31] H.W. Broer, G. Vegter: Subordinate Shil′nikov bifurcations near some singulari-
ties of vector fields having low codimension, ETDS 4 (1984), 509–525.
[32] H.W. Broer, G. Vegter: Bifurcational Aspects of Parametric Resonance, Dynam-
ics Reported 1 (1992), 1–53.
[33] J.P Carcasse`s, C. Mira, M. Bosch, C. Simo´, J.C. Tatjer: ‘Crossroad area–spring
area’ transition (II). Parameter plane representation, IJBC 1 (1991), 183–196.
[34] E. Castella`, A`. Jorba: On the vertical families of two-dimensional tori near the
triangular points of the Bicircular problem, Celestial Mechanics 76 (2000), 35–54.
[35] A. Chenciner: Bifurcations de points fixes elliptiques. I. Courbes invariantes,
Publ. Math. IHES 61 (1985), 67–127.
[36] A. Chenciner: Bifurcations de points fixes elliptiques. II. Orbites pe´riodiques et
ensembles de Cantor invariants, Invent. Math. 80 (1985), 81–106.
[37] A. Chenciner: Bifurcations de points fixes elliptiques. III. Orbites pe´riodiques
de “petites” pe´riodes et e´limination re´sonnante des couples de courbes invariantes,
Publ. Math. IHES 66 (1988), 5–91.
[38] S.N. Chow, J.K. Hale: Methods of bifurcation theory, Springer–Verlag (1982).
[39] S-N. Chow, C. Li, D. Wang: Normal Forms and Bifurcation of Planar Vector
Fields, Cambridge University Press, New York (1994).
[40] P.M. Cincotta, C. Simo´: Simple tools to study global dynamics in non-
axisymmetric galactic potentials – I, Astronomy & Astrophysics Supp. 147 (2000),
205–228.
[41] R.L. Devaney: An Introduction to Chaotic Dynamical Systems (2nd edition),
Addison–Wesley (1989).
[42] L. Dı´az, J. Rocha, M. Viana: Strange attractors in saddle cycles: prevalence and
globality, Inv. Math. 125 (1996), 37–74.
[43] F. Dumortier, R. Roussarie, J. Sotomayor: Generic 3-parameter families of vector
fields on the plane, unfolding a singularity with nilpotent linear part. The cusp case
of codimension 3, ETDS 7(3) (1987), 375–413.
156 Bibliography
[44] J.-P. Eckmann, D. Ruelle: Ergodic theory of chaos and strange attractors, Rev.
Mod. Phys. 57 (1985), 617–655.
[45] M. Feigenbaum: Qualitative universality for a class of nonlinear transformations,
J. Stat. Phys. 21 (1978), 25–52.
[46] N. Fenichel: Persistence and smoothness of invariant manifolds for flows, Indiana
Univ. Math. J. 21 (1971/72), 193–226.
[47] M. Flatto, N. Levinson: Periodic Solutions of Singularly Perturbed Systems, J.
Rat. Mech. Anal. 4 (1955), 943–950.
[48] P. Gaspard: Local birth of homoclinic chaos, Phys. D 62(1–4) (1993), 94–122.
[49] P. Glendinning: Intermittency and strange nonchaotic attractors in quasi-
periodically forced circle maps, Phys. Lett. A 244 (1998), 545–550.
[50] G. Gomez, J.M. Mondelo, C. Simo´: Refined Fourier Analysis Procedures, preprint
Universitat de Barcelona (2001).
[51] S.V. Gonchenko, L.P. Shil′nikov, D.V Turaev: Dynamical phenomena in systems
with structurally unstable Poincare´ homoclinic orbits, Chaos 6(1) (1996), 15–31.
[52] P. Grassberger, I. Procaccia: Measuring the strangeness of strange attractors,
Phys. D 9 (1983), 189–208.
[53] C. Grebogi, E. Ott, S. Pelikan, J. Yorke: Strange attractors that are not chaotic,
Phys. D 13(1-2) (1984), 261–268.
[54] C. Grebogi, E. Ott, J. Yorke: Chaotic attractors in crisis, Phys. Rev. Lett. 48(22)
(1982), 1507–1510.
[55] J. Guckenheimer: Sensitive dependence to initial conditions for one-dimensional
maps. Comm. Math. Phys. 70(2) (1979), 133–160.
[56] J. Guckenheimer, P. Holmes: Nonlinear Oscillations, Dynamical Systems, and
Bifurcations of Vector Fields, Springer–Verlag (1983).
[57] A. Haro, R. de la Llave: A parametrization method for the computation of
whiskers in quasi-periodic maps: rigorous results, preprint (2001).
[58] M. He´non: A two dimensional mapping with a strange attractor, Comm. Math.
Phys. 50 (1976), 69–77.
[59] M.W. Hirsch: Differential Topology, Springer GTM 33 (1976).
[60] M.W. Hirsch, C.C. Pugh, M. Shub: Invariant Manifolds, Springer LNM 583
(1977).
[61] K. Homan: Routes to chaos in the Lorenz-84 atmospheric model, master thesis,
University of Groningen (1998).
Bibliography 157
[62] A`. Jorba: A Methodology for the Numerical Computation of Normal Forms,
Centre Manifolds and First Integrals of Hamiltonian Systems, Experimental Math-
ematics 8 (1999), 155–195.
[63] A`. Jorba: Numerical computation of the normal behaviour of invariant curves of
n-dimensional maps, Nonlinearity 14 (2001), 943–976.
[64] A`. Jorba, M. Zou: On the numerical integration of ODE by means of high-order
Taylor methods, preprint Universitat de Barcelona (2001).
[65] T. Nishikawa, K. Kaneko: Fractalization of a torus as a strange nochaotic attrac-
tor, Phys. Rev. E 56(6) (1996), 6114–6124.
[66] T. Kapitaniak, L.O. Chua: Strange nochaotic trajectories on torus, IJBC 7
(1997), 423–429.
[67] J. Kaplan, J. Yorke: Chaotic behaviour of multidimensional difference equa-
tions, in Functional Differential Equations and Approximations of Fixed Points
(H.O. Peitgen and H.O. Walther Eds.), Springer LNM 730 (1979), 204–227.
[68] G. Keller: A note on strange nonchaotic attractors, Fund. Math. 151(2) (1996),
139–148.
[69] V. Kirk: Breaking of symmetry in the saddle-node Hopf bifurcation, Phys. Lett.
A 154 (1991), 243–248.
[70] R. Kock: Routes to chaos in the periodically driven Lorenz-84 system, master
thesis, University of Groningen (1998).
[71] B. Krauskopf: Bifurcation sequences at 1:4 resonance: an inventory, Nonlinearity
7(3) (1994), 1073–1091.
[72] B. Krauskopf: On the 1:4 resonance problem: Analysis of the bifurcation set,
PhD thesis, University of Groningen (1995).
[73] B. Krauskopf, B. Oldeman: The saddle-node Hopf bifurcation with global rein-
jection, preprint, submitted (2003).
[74] B. Krauskopf, H. Osinga: Growing 1D and quasi 2D unstable manifolds of maps,
J. Comput. Phys. 146(1) (1998), 404–419.
[75] B. Krauskopf, C. Rousseau: Codimension-three unfoldings of reflectionally sym-
metric planar vector fields, Nonlinearity 10 (1997), 1115–1150.
[76] B. Krauskopf, N. Tollenaar, D. Lenstra: Tori and their bifurcations in an optically
injected semiconductor laser, Optics Communications 156(1-3) (1998), 158–169.
[77] B. Krauskopf, S. Wieczorek: Accumulating regions of winding periodic orbits in
optically driven lasers, Phys. D 173(1–2) (2002), 97–113.
[78] Yu. Kuznetsov: Elements of Applied Bifurcation Theory (2nd ed.), Springer–
Verlag (1998).
158 Bibliography
[79] Yu. Kuznetsov, H.G.E Meijer, L. van Veen: The Fold-Flip bifurcation, preprint
1270 University of Utrecht (2003). To appear in IJBC.
[80] E.N. Lorenz: Irregularity: a fundamental property of the atmosphere, Tellus
36A (1984), 98–110.
[81] E.N. Lorenz: Can chaos and intransitivity lead to interannual variability?, Tellus
42A (1990), 378–389.
[82] C. Masoller, A.C. Sicardi Schifino, L. Romanelli: Regular and chaotic behaviour
in the new Lorenz system, Phys. Lett. A 167 (1992), 185–190.
[83] W. de Melo, S. van Strien: One dimensional dynamics, Springer–Verlag (1993).
[84] M. Misiurewicz: Absolutely continuous measures for certain maps of an interval,
Publ. Math. IHES 53 (1981), 17–51.
[85] J.M. Mondelo: Contribution to the Study of Fourier Methods for Quasi-Periodic
Functions and the Vicintiy of the Collinear Libration Points, PhD thesis, Univer-
sitat de Barcelona (2001).
[86] L. Mora, M. Viana: Abundance of strange attractors, Acta Math 171 (1993),
1–71.
[87] S. Newhouse: Diffeomorphisms with infinitely many sinks, Topology 13 (1974),
9–18.
[88] S. Newhouse, J. Palis, F. Takens: Bifurcations and stability of families of diffeo-
morphisms, Publ. Math. IHES 57 (1983), 5–71.
[89] S. Newhouse, D. Ruelle, F. Takens: Occurrence of strange Axiom A attractors
near quasiperiodic flows on Tm, m ≥ 3, Comm. Math. Phys. 64 (1978), 35–40.
[90] H. Osinga, U. Feudel: Boundary crisis in quasiperiodically forced systems, Phys-
ica D 141(1-2) (2000), 54–64.
[91] H. Osinga, J. Wiersig, P. Glendinning, U. Feudel: Multistability in the quasiperi-
odically forced circle map, IJBC 11 (2001), 3085–3105.
[92] B.B. Peckham, I.G. Kevrekidis: Lighting Arnold flames: resonance in doubly
forced periodic oscillators, Nonlinearity 15(2) (2002), 405–428.
[93] S. O¨stlund, D. Rand, J. Sethna, E. Siggia: Universal properties of the transition
from quasiperiodicity to chaos in dissipative systems, Phys. D 8(3) (1983), 303–342.
[94] J. Palis, W. de Melo: Geometric Theory of Dynamical Systems, An Introduction
Springer–Verlag (1982).
[95] J. Palis, F. Takens: Hyperbolicity & Sensitive Chaotic Dynamics at Homoclinic
Bifurcations, Cambridge Studies in Advanced Mathematics 35, Cambridge Univer-
sity Press (1993).
Bibliography 159
[96] J. Palis, M. Viana: High dimension diffeomorphisms displaying infinitely many
periodic attractors, Ann. of Math. (2) 140(1) (1994), 91–136.
[97] Y. Pomeau, P. Manneville: Intermittent transition to turbulence in dissipative
dynamical systems, Comm. Math. Phys. 74 (1980), 189–197.
[98] W. Press, S. Teukolsky, W. Vetterling, B. Flannery: Numerical Recipies in C:
the Art of Scientific Computing (2nd ed.), Cambridge University Press, New York
(1992).
[99] D. Ruelle: Elements of Differentiable Dynamics and Bifurcation Theory, Aca-
demic Press (1988).
[100] D. Ruelle, F. Takens: On the nature of turbulence, Comm. Math. Phys. 20
(1971), 167–192.
[101] R. Seydel: Practical Bifurcation and Stability Analysis, Springer–Verlag (1994).
[102] A. Shil′nikov, G. Nicolis, C. Nicolis: Bifurcation and predictability analysis of
a low-order atmospheric circulation model, IJBC 5(6) (1995), 1701–1711.
[103] M. Shub: Global stability of dynamical systems, Springer–Verlag (1986).
[104] C. Simo´: On the He´non–Pomeau attractor, J.Stat.Phys. 21 (1979), 465–494.
[105] C. Simo´: On the analytical and numerical computation of invariant manifolds,
in Modern Methods in Celestial Mechanics (D. Benest and C. Froeschle´ Eds.), ed.
Frontie`res, Paris (1990), 285–330.
[106] C. Simo´: Effective Computations in Hamiltonian Dynamics, in Cent ans apre`s
les Me´thodes Nouvelles de H. Poincare´, Socie´te´ Mathe´matique de France (1996),
1–23.
[107] C. Simo´, H.W. Broer, R. Roussarie: A numerical exploration of the Takens–
Bogdanov bifurcation for diffeomorphisms, in European Conference on Iteration
Theory (ECIT 89), Batschuns (Austria) (C. Mira, N. Netzer, C. Simo´, and G. Tar-
gonski Eds.), World Scientific, Singapore (1991), 320–334.
[108] C. Simo´, J.C. Tatjer: Basins of attraction near homoclinic tangencies, ETDS
14 (1994), 351–390.
[109] H.L. Swinney, J.P. Gollub: Characterization of hydrodynamic strange attrac-
tors, Phys. D 18 (1986), 448–454.
[110] F. Takens: A nonstabilizable jet of a singularity of a vector field, Dynamical
systems (Proc. Sympos., Univ. Bahia, Salvador, 1971), Academic Press, New York
(1973), 583–597.
[111] F. Takens: Singularities of vector fields, Publ. Math. IHES 43 (1974), 47–100.
160 Bibliography
[112] F. Takens: Forced oscillations and bifurcations, in Applications of Global Anal-
ysis 1 (1974), Communications of the Mathematical Institute Rijksuniversiteit
Utrecht 3. Reprinted in Global analysis of dynamical systems: Festschrift dedicated
to Floris Takens for his 60th birthday (H.W. Broer, B. Krauskopf, and G. Vegter
Eds.), IOP Publish., Bristol (2001).
[113] J.C. Tatjer: Three dimensional dissipative diffeomorphisms with homoclinic
tangencies, ETDS 21(1) (2001), 249–302.
[114] Ph. Thieullen, C. Tresser, L.-S. Young: Positive Lyapunov exponent for generic
one-parameter families of unimodal maps, J. Anal. Math. 64 (1994), 121–172.
[115] M. Tsujii: A simple proof for monotonicity of entropy in the quadratic family,
ETDS 20 (2000), 925–933.
[116] V.S. Varadarajan: Lie Groups, Lie Algebras, and Their Representations,
Springer GTM 102 (1984).
[117] L. van Veen: Time scale interaction in low-order climate models, PhD thesis,
University of Utrecht (2002).
[118] L. van Veen, T. Opsteegh, F. Verhulst: Active and passive ocean regimes in a
low-order climate model, Tellus 53A (2001), 616–627.
[119] A. Venkatesan, M. Lakshmanan: Interruption of torus doubling bifurcation and
genesis of strange nonchaotic attractors in a quasiperiodically forced map: Mecha-
nisms and their characterizations, Phys. Rev. E 63 (2001).
[120] M. Viana: Strange attractors in higher dimensions, Bol. Soc. Bras. Mat 24
(1993), 13–62.
[121] M. Viana: Multidimensional nonhyperbolic attractors, Publ. Math. IHES 85
(1997), 63–96.
[122] M. Viana: Stochastic dynamics of deterministic systems, Braz. Math. Collo-
quium IMPA (1997), preprint at http://www.impa.br/∼viana/.
[123] S. Wieczorek: The dynamical complexity of optically injected semiconductor
lasers, PhD thesis, University of Amsterdam VUA (2002).
[124] S. Wieczorek, B. Krauskopf, D. Lenstra: A unifying view of bifurcations in
a semiconductor laser subject to optical injection, Optics Communications 172
(1999), 279–295.
[125] J. Yorke, K. Alligood: Cascades of period-doubling bifurcations: a prerequisite
for horseshoes, Bull. AMS 9 (1983), 319–322.
[126] F.O.O. Wagener: Semi-local analysis of the k : 1 and k : 2 resonances in quasi-
periodically forced systems, in Global Analysis of Dynamical Systems, Festschrift
dedicated to Floris Takens for his 60th birthday (H.W. Broer, B. Krauskopf, and
G. Vegter Eds.), IOP Publish., Bristol (2001), 113–129.
Bibliography 161
[127] Q. Wang, L.-S. Young: Strange Attractors with One Direction of Instability,
Comm. Math. Phys. 218 (2001), 1–97.
